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Specification 

TRANSMISSION DIRECTIONAL ANTENNA CONTROL SYSTEM, 
BASE STATION, AND TRANSMISSION DIRECTIONAL ANTENNA CONTROL 
METHOD USED FOR SYSTEM AND BASE STATION 

Technical field 

The present invention relates to a transmission directional antenna 
control system, a base station, and a transmission directional antenna control 
method used for the system and base station, and in particular, it relates to a 
control method of directivity when transmitting a downward electric wave by a 
plurality of transmission array antenna elements used for the base station. 

Background Art 

In a CDMA (Code Division Multiple Access) system, there is a potential 
of being able to increase a subscriber capacity, and the system is applied as a 
radio access system of the next generation mobile communication cellular 
system. 

However, there is a problem in that, at the receiving side of a base 
station, another user's signal simultaneously that contacts the same carrier 
causes an interference, and at the receiving side of a mobile station, a signal 
transmitted to another user causes interference. 

As a method for eliminating these interferences, there is a technology 
that uses an array antenna disclosed in Japanese Patent Application 
Laid-Open No. 2001-7754. The array antenna receives a signal by a plurality 
of antennas, and performs weighted synthesis of complex numbers, thereby 
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controlling amplitude and phase of the received signal of each antenna to form 
a directional beam and to suppress the interference from another user. 

As one of the control systems of such array antenna, there is a 
multi-beam system. An example of constitution which uses conventional 
5 transmission directional control device (base station) that employs the 
multi-beam system is shown in Figure 1. In Figure 1, in the multi-beam 
system, first, a signal is received by N pieces (N is an integer of two or more) of 
antenna elements 111 to 11N adjacently installed by receiving antenna section 
110, and each CDMA signal is de-spread by de-spreaders 121 to 12N for each 

10 antenna of de-spreading section 120. 

For this received signal, receiver beam-forming section 130 multiplies a 
weight coefficient pre-calculated by a multiplier by using M pieces (M is an 
integer of two or more) of beam-formers 131 to 13M of the fixed beam, and by 
synthesizing these multiplied coefficients, the phase and amplitude of the 

15 received signal are controlled, and reception is realized by the beams formed in 
a specific direction. M pieces of these fixed beams are installed such that a 
predetermined space region (for example, a sector) is covered as uniformly as 
possible. 

At the receiving side, each output power of beam-formers 131 to 13M is 
20 measured by beam power detecting section 140, and this received power is 
notified to a beam output selection synthesizing section 150 together with a 
beam number. The beam output selection synthesizing section 150 selects 
and outputs a beam showing a large received power from among these 
received powers. 

25 In a downward transmission, the transmission weight in the same 

direction as the beam used at the receiving time is pre-selected in a 
transmission weight generating section from among the fixed beams forming 
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the beam installed in the same direction as in the upward reception time, and 
transmission is made by using the beam in the same direction found at the 
upward reception time by using transmission beam-forming section 170. 

5 Disclosure of the Invention 

Problems to be Solved by the Invention 

In a multi-beam system, a downward transmission beam is formed in the 
same direction as the beam direction found by an upward reception, thereby a 
signal is transmitted. At that time, in a system using FDD (Frequency Division 

10 Duplex), a case is considered, where there is a difference in the transmission 
routes due to a difference of the frequency in the upward and downward 
transmission routes, and the beam direction found by the upward reception is 
not always the most appropriate. 

Hence, an object of the present invention is to provide a transmission 

15 directional antenna control system, a base station, and a transmission 

directional antenna control method used for the system and base station, which 
can solve the above described problems and select the most appropriate beam 
from among the transmission beams of the multi-beam system. 
Means for Solving the Problems 

2 0 The transmission directional antenna control system according to the 

present invention is a transmission directional antenna control system in which 
a base station performs the directional control of transmission array antenna 
elements according to information from a mobile station, and provides in the 
base station: 

2 5 means for forming a transmission multi-beam corresponding to a spread 

code selected by the mobile station based on a signal spread by different 
spread codes transmitted from the transmission array antenna elements; and 
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means for forming an arbitrary multi-beam other than the transmission 
multi-beam selected by the mobile station. 

The base station according to the present invention is a base station 
performing directional control of the transmission array antenna elements 
5 according to information from the mobile station, comprising: 

means for forming a transmission multi-beam corresponding to a spread 
code selected by the mobile station based on a signal spread by different 
spread codes transmitted from the transmission array antenna elements; and 
means for forming an arbitrary multi-beam other than the transmission 
10 multi-beam selected by the mobile station. 

A transmission directional antenna control method according to the 
present invention is a transmission directional antenna control method in which 
the base station performs the directional control of the transmission array 
antenna elements according to information from the mobile station, comprising 
15 the steps of: forming a transmission multi-beam corresponding to a spread 
code selected by the mobile station based on a signal spread by different 
spread codes transmitted from the transmission array antenna elements in the 
base station side; and forming an arbitrary multi-beam other than the 
transmission multi-beam selected by the mobile station. 
2 0 That is, the transmission directional antenna control method according to 

the present invention provides in the base station: a plurality of receiving array 
antenna elements; a plurality of transmission array antenna elements; means 
for generating a receiving multi-beam by weight-synthesizing each of received 
signals from the receiving array antenna elements by a preset weight 
2 5 coefficient, means for detecting the power value of each receiving multi-beam 
in order to detect the receiving multi-beam of the maximum power, and means 
for receiving information from a mobile station by the detected receiving 
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multi-beam, transmission weight coefficient generating means for generating a 
transmission weight coefficient for the transmission data according to 
information received from the mobile station by allowing the coefficient to 
correspond to transmission multi-beams corresponding to a plurality of 
5 transmission array antenna elements, and means for multiplying a transmission 
weight coefficient of arbitrary transmission weight coefficient generating means 
other than the generated multi-beam by the transmission data so as to 
generate the transmission multi-beam to be spread by each of different spread 
codes and to be supplied to the corresponding transmission array antenna 

10 elements, wherein the directional control of the transmission array antenna 
elements is performed according to the information from the mobile station. 

The transmission directional antenna control system of the present 
invention provides means for generating the transmission multi-beam according 
to the spread code selected by the mobile station when each of the signals that 

15 are spread by different spread signals transmitted from the transmission array 
antenna elements by the mobile station are received and the power thereof is 
compared and the received signal having a large power value is selected and 
transmitted to the above described transmission weight coefficient generating 
mean, and provides means for forming the arbitrary multi-beam other than the 

2 0 transmission multi-beam selected by the mobile station. 

Further, another transmission directional antenna control system of the 
present invention provides in the base station: a plurality of receiving array 
antenna elements; a plurality of transmission array antenna elements; means 
for forming a receiving beam by determining the arrival direction of each 

2 5 received signal of the receiving array antenna elements and giving a weight 
thereto, means for receiving information from the mobile station by the formed 
receiving beam, transmission weight coefficient generating means for 
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generating a transmission weight coefficient for the transmission data 
according to information received from the mobile station by allowing the 
coefficient to correspond to transmission beams corresponding to a plurality of 
transmission array antenna elements, arbitrary transmission weight coefficient 
5 generating means other than the generated transmission beam, and means for 
multiplying these transmission weight coefficients by the transmission data so 
as to generate the transmission beam to be spread by each of different spread 
codes and to be supplied to the corresponding transmission array antenna 
elements, wherein the directional control of the transmission array antenna 

10 elements is performed according to the information from the mobile station. 

Another transmission directional antenna control system of the present 
invention provides means for generating the transmission beam corresponding 
to the spread code selected by the mobile station and means for forming an 
arbitrary multi-beam other than the transmission beam selected by the mobile 

15 station when each of the signals spread by different spread signals transmitted 
from the transmission array antenna elements by the mobile station is received 
and the power thereof is compared and the signal having good receiving 
characteristics is selected and transmitted to the above described transmission 
weight coefficient generating means. 

2 0 That is, the transmission directional antenna control system of the 

present invention transmits a signal for SIR (Signal to Interference power Ratio) 
measurement by different spread codes and different beams in the downward 
transmission to the mobile station from the base station, and the SIR is 
measured by the mobile station, and the signal of the spread having good 

2 5 receiving characteristics is notified to the base station, and the base station 
transmits the data by the beam corresponding to the spread notified from the 
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mobile station, so that it is possible to realize transmission of a much higher 
quality. 

Advantages of the Invention 

The present invention can obtain the advantages of being able to select 
5 the most appropriate beam from among the transmission beams of the 
multi-beam system by the constitution and operation described below. 

Brief Description of the Drawings 

Figure 1 is a block diagram showing a constitution of a conventional 
base station; 

Figure 2 is a block diagram showing a constitution of a base station 
according to one embodiment of the present invention; 

Figure 3 is a block diagram showing an example of a constitution of a 
beam-former of Figure 1 ; 

Figure 4 is a block diagram showing a constitutional example of a 
transmission beam-former of Figure 1 ; 

Figure 5 is a flowchart showing the operation of a side of base station 
according to one embodiment of the present invention; 

Figure 6 is a flowchart showing the operation of a mobile station side 
according to one embodiment of the present invention; and 

Figure 7 is a block diagram showing a constitution of a base station 
according to another embodiment of the present invention. 

Description of Reference Numerals 
2 5 1 RECEIVING ARRAY ANTENNA SECTION 
2 INVERSE DIFFUSING SECTION 
3, 41 RECEIVER BEAM-FORMING SECTION 



15 
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4 BEAM POWER DETECTING SECTION 

5 BEAM OUTPUT SELECTION SYNTHESIZING SECTION 

6 TRANSMISSION WEIGHT GENERATING SECTION 

7 TRANSMISSION BEAM-FORMING SECTION 
5 8 DIFFUSING SECTION 

9 TRANSMISSION ARRAY ANTENNA SECTION 
1 1 to 1 N ARRAY ANTENNA ELEMENT 
21 to 2N INVERSE DIFFUSER 
31 to 3M BEAM-FORMER 
10 42 BEAM DIRECTION DETECTING SECTION 
71, 72 TRANSMISSION BEAM-FORMER 
81,82 DIFFUSER 

91 to 9N TRANSMISSION ARRAY ANTENNA ELEMENTS 
301 , 401 MULTIPLYING SECTION 
15 301-1 to 301-N MULTIPLIER 
401-1 to 401-N MULTIPLIER 

Best Mode for Carrying Out the Invention 

Next, embodiments of the present invention will be described with 

2 0 reference to the drawings. Figure 2 is a block diagram showing a constitution 
of a base station according to one embodiment of the present invention. In 
Figure 2, a base station according to one embodiment of the present invention 
constitutes a transmission directional antenna control system together with an 
unillustrated mobile station, and is constituted by receiving array antenna 

2 5 section 1, de-spreader 2, receiver beam-forming section 3, beam power 

detecting section 4, beam output selection synthesizing section 5, transmission 
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weight generating section 6, transmission beam-forming section 7, spreader 8, 
and transmission array antenna section 9. 

Receiving array antenna section 1 is comprised of N pieces (N is an 
integer of two or more) of array antenna elements 1 1 to 1 N, and de-spreading 
5 section 2 is comprised of N pieces of de-spreaders 21 to 2N. Receiver 
beam-forming section 3 is comprised of M pieces (M is an integer of two or 
more) of beam-formers 31 to 3M. 

Transmission beam-forming section 7 is comprised of two pieces of 
transmission beam-formers 71 and 72, and spreadction 8 is comprised of two 
10 pieces of spreaders 81 and 82, and transmission array antenna section 9 is 
comprised of N pieces of transmission array antenna elements 91 to 9N. 

Figure 3 is a block diagram showing an example of constitution 
beam-formers 31 to 3M of Figure 2. Beam-formers 31 to 3M shown in Figure 
2 are constituted by multiplying section 301 comprising multipliers 301-1 to 
15 301 -N shown in Figure 3. 

Figure 4 is a block diagram showing an example of constitution 
transmission beam-formers 71 and 72 of Figure 2. Transmission 
beam-formers 71 and 72 shown in Figure 2 are constituted by multiplying 
section 401 comprising multipliers 401-1 to 401 -N shown in figure 4. 
20 A transmission directional antenna control device according to one 

embodiment of the present invention will be described with reference to Figures 
2 to 4. The signals received by N pieces of array antenna elements 1 1 to 1 N 
are de-spread by de-spreaders 21 to 2N which correspond to each of the 
antenna elements. 

2 5 Each of the de-spread signals is inputted to each of M pieces of 

beam-formers 31 to 3M. The beam-formers 31 to 3M, as shown in Figure 3, 
perform weight synthesis by weight coefficients pre-calculated by multipliers 
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301-1 to 301 -N for the received signals, so that M pieces of multi-beam outputs 
are generated. 

M pieces of beam outputs beamformed by the beam-formers 31 to 3M 
are inputted to beam power detecting section 4 and beam output selection 
5 section 5. Beam power detecting section 4 finds each of received signal 
power values of M pieces of the multi-beams, and the result thereof is 
outputted to beam output selection section 5 and transmission weight 
generating section 6. 

Beam output selection section 5 receives a signal by selecting the beam 

10 having the maximum power from among the outputs of M pieces of the 

beam-formers 31 to 3M based on information on the received power value from 
power selecting section 4, and the received information is outputted to an 
unillustrated internal circuit and to transmission weight generating section 6. 

Transmission weight generating section 6 provides a transmission weight 

15 coefficient corresponding in advance to a receiving weight, and the beam that 
corresponds to the signal of the spread selected by the mobile station (not 
shown) from the received information and from arbitrary beam other than that 
beam, are selected, and each of transmission weight coefficients thereof is 
notified to the transmission beam-forming section 7. 

2 0 Transmission beam-forming section 7, as shown in Figure 4, gives a 

transmission weight coefficient to the transmission data corresponding to each 
of transmission array antenna elements 91 to 9N by multipliers 401-1 to 401-N, 
and outputs the data to spreading section 8. Spreaders 81 and 82 spread 
input signals by different spread codes and output them to transmission array 

2 5 antenna elements 91 to 9N, and these signals are transmitted as beamformed 
signals. 
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Figure 5 is a flowchart showing the operation of the side of a base station 
side according to one embodiment of the present invention, and Figure 6 is a 
flowchart showing the operation of a mobile station side according to one 
embodiment of the present invention. With reference to these Figures 2 to 6, 
5 the operation of the transmission directional antenna control system according 
to one embodiment of the present invention will be described. 

Receiving array antenna section 1 of the base station carries a plurality 
of array antenna elements 1 1 to 1 N, and receives a CDMA signal. 
Inverse-spreading section 2 carries N pieces of de-spreaders 21 to 2N, and 
1 0 de-spreads each of the outputs of array antenna elements 11 to 1 N. 

Receiving beam-forming section 3 carries M pieces of beam-formers 31 
to 3M, and upon receipt of the output of de-spreading section 2, implements 
multi-beam forming, and forms M pieces of beam outputs. Beam power 
detecting portion 4, upon receipt of the output of the beam-formers 31 to 3M, 
15 performs power measurement for each beam. 

Beam output selection section 5, based on power information on each 
beam from beam power detecting section 4, receives a signal from the beam 
having a large output level from among the beams. Transmission weight 
generating section 6, based on power information on each beam from beam 
2 0 power detection section 4 and on information about the signal received from 
beam output selection section 5, generates two different transmission weight 
coefficients and notifies them to beam-forming section 7. 

Beamforming section 7 performs the beam-forming of each transmission 
signal from the two different transmission weight coefficients from transmission 
25 weight generating section 6 and notifies the beam-formed signals to spreading 
section 8. Diffusing section 8 subjects the two different beam-formed signals 
to spread by each of two different spread for each of the transmission array 
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antenna elements 91 to 9N, and outputs the spread signals to transmission 
array antenna section 9, and these signals are transmitted from transmission 
array antenna section 9. 

Next, the operation of transmission weight generating section 6, 
5 beam-forming section 7, and spreading section 8 will be described. 

Transmission weight generating section 6, upon starting reception with the 
mobile station, first, receives the output power value from each received 
multi-beam from beam power detecting section 4, then selects the beam having 
maximum power, and selects a transmission weight pre-calculated by 

10 corresponding to the selected receiving multi-beam (step S1 in Figure 5). 
Further, transmission weight generating section 6 selects an arbitrary 
multi-beam other the selected multi-beam, and notifies each transmission 
weight thereof to transmission beam-formers 71 and 72. 

Transmission beam-formers 71 and 72 perform beam-forming for the 

15 transmission beam that corresponds to the beam having the maximum power 
of the transmission multi-beam with respect to pilot signal for reception SIR 
measurement and the transmission data, and performs the beam-forming on 
the pilot signal only for the arbitrary multi-beam other than the transmission 
beam. 

2 0 The signals beamformed by these two transmission beam-formers 71 

and 72 are outputted to each of the two different spreaders 81 and 82, and are 
spread by two different spread codes by spreaders 81 and 82, and are 
transmitted to the mobile station from transmission array antenna section 9 
(steps S2 and S3 in Figure 5). 

2 5 The mobile station, upon receipt of the pilot signals having the two 

different spread codes from transmission array antenna section 9 (step S1 1 in 
figure 6), finds the SIR of those signals, and selects the code having good 



- 13 - 



receiving characteristics, and notifies the selected code to the base station 
(steps S12 and S13 in Figure 6). 

The base station, upon receipt of the signal from the mobile station again 
(step S4 in Figure 5), performs de-spreader and beam-forming on the signal, 
5 and receives the signal by the receiving multi-beams in which the power 
becomes the maximum. 

Here, transmission weight generating section 6, based on information 
from the mobile station, selects the multi-beam corresponding to the spread 
code selected by the mobile station. Further, transmission weight generating 
10 section 6 selects the arbitrary multi-beam other than the selected beam, and 

notifies each of the transmission weights thereof to transmission beam-formers 
71 and 72. 

Transmission beam-formers 71 and 72 perform the beam-forming on the 
pilot signal and on the transmission data for the beam corresponding to the 

15 code notified from the mobile station and selected by the mobile station, and 
performs the beam-forming on the pilot signal only for the arbitrary beam other 
than those beams. These signals are subjected to spread two different spread 
codes by spreaders 81 and 82, and are transmitted to the mobile station from 
transmission array antenna section 9 (steps S5 and S6 in Figure 5). 

2 0 In the present embodiment, during a period when the base station and 

the mobile station communicate with each other, the above described 
processing operation is repeatedly performed in the base station (steps 4 to 7 
in Figure 5). In the mobile station also, the above described processing 
operation is repeatedly performed (steps S1 1 to S14 in Figure 6), so that a 

2 5 more appropriate downward transmission beam can be selected. 

Figure 7 is a block diagram showing a constitution of a base station 
according to another embodiment of the present invention. In Figure 7, a base 
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station according to another embodiment of the present invention, similar to the 
above described one embodiment of the present invention, constitutes a 
transmission directional antenna control system together with an unillustrated 
mobile station, and comprises receiving array antenna section 1, de-spreading 
5 section 2, receiver beam-forming section 41, beam direction detecting section 
42, transmission weight generating section 6, transmission beam-forming 
section 7, spreading section 8, and transmission array antenna section 9. 

In another embodiment of the present invention, the beam-forming 
method for one embodiment of the present invention is further elaborated. 
10 Receiver beam-forming section 41 assumes a case where an algorism [for 

example, MMSE (Minimum Mean Square Error)] is used to direct the beam by 
adaptively determining an arrival direction of a received signal, and together 
with this, takes beam power detecting section 4 as beam direction detecting 
section 42. 

15 At this time, receiver beam-forming section 41 forms the beam 

corresponding to an arrival direction of the received signal, and thereby 
receives the signal. The received signal is inputted to beam direction 
detecting section 42 and transmission weight generating section 6. Beam 
direction detecting section 42 detects an arrival direction of the assumed beam, 

2 0 and notifies the direction to transmission weight generating section 6. 

Transmission weight generating section 6, when starting reception with 
the mobile station, first, receives an arrival direction from beam direction 
detecting section 42, and than calculates a transmission weight coefficient 
corresponding to the arrival direction. Further, transmission weight generating 

2 5 section 6 calculates a beam showing an arbitrary direction (for example, + 10 
degrees) in addition to the calculated beam, and notifies each of the 
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transmission weight coefficients thereof to transmission beam-formers 71 and 

72. 

Transmission beam-formers 71 and 72 perform the beam-forming an the 
pilot signal and on the data with respect to the beam corresponding to the 
5 beam having the arrival direction that is assumed, and performs the 

beam-forming on the pilot signal only with respect to the arbitrary beams other 
than those beam. These two beam-formed signals are inputted into each of 
two different spreaders 81 and 82, and are spread by two different spread 
codes, and are transmitted to the mobile station from transmission array 

10 antenna section 9. 

The mobile station receives the pilot signals having two different spread 
codes, and selects the code having good receiving characteristics, and notifies 
the selected code to the base station. The base station, upon receipt of the 
signal from the mobile station again, similar to the above description, performs 

15 de-spreading and beam-forming, and receives a signal by the beam directed to 
the arrival direction of the signal. 

Here, transmission weight generating section 6 selects the beam 
corresponding to the spread code selected by the mobile station from 
information from the mobile station. Further, the transmission weight 

2 0 generating section 6 calculates the arbitrary beam other than the selected 
beam, and notifies each of the transmission weight coefficients thereof to 
transmission beam-formers 71 and 72. 

Transmission beam-formers 71 and 72 perform the beam-forming on the 
pilot signal and on the data with respect to the beam corresponding to the code 

2 5 (selected code) notified from the mobile station, and perform the beam-forming 
on the pilot signal only with respect to the arbitrary beam other that beam. 
These signals are again subjected to spread by two different codes again, and 
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are transmitted to the mobile station. In the present embodiment, this 
processing operation is repeatedly performed, so that a more appropriate 
downward transmission beam can be selected. 

In this manner, in the present embodiment, since assumption about the 
5 arrival direction assumption is performed for reception of the upward signal, 

transmission beam-forming can be performed based on a more highly accurate 
beam. 

In this manner, in the present invention, the most appropriate beam can 
be selected from among transmission beams of the multi-beam. Incidentally, 
10 the present invention is not limited to each of the above described 

embodiments, and it is to be noted that each embodiment can be suitably 
modified within the scope of the invention. 



